Ninjin-yoeito activates ghrelin-responsive and unresponsive NPY neurons in the arcuate nucleus and counteracts cisplatin-induced anorexia.
Reduced appetite or anorexia substantially deteriorates quality of life in various diseases including cancer, depression and heart failure. Furthermore, reduced appetite may stand upstream of sarcopenia and frailty. All these diseases are heavy burdens in the modern medicine and society. Therefore, the means that counteracts reduced appetite has been awaited, however, effective and well evidenced substance is not currently available. Ninjin-yoeito, a Japanese kampo medicine comprising twelve herbs has been used to treat anorexia. However, underlying mechanism is little known. Neuropeptide Y (NPY) and ghrelin are the most potent central and peripheral inducers of appetite, respectively. This study sought to determine whether Ninjin-yoeito influences NPY and/or ghrelin-responsive neurons in the hypothalamic arcuate nucleus (ARC), a feeding center. We isolated single neurons from ARC of mice and measured cytosolic Ca2+ concentration ([Ca2+]i) with fura-2 fluorescence imaging, followed by immunocytochemical identification of NPY neurons. Ninjin-yoeito (1-10 μg/ml) increased [Ca2+]i in ARC neurons, the majority (80%) of which was immunoreactive to NPY. One fraction of these Ninjin-yoeito-responsive NPY neurons also responded to ghrelin, while another fraction did not. Furthermore, oral administration of Ninjin-yoeito (1 g/kg/day) counteracted the reductions in food intake and body weight by cisplatin, an anti-cancer drug, in mice. These results demonstrate that Ninjin-yoeito directly targets both ghrelin-responsive and unresponsive NPY neurons in ARC and preserves food intake and body weight in cisplatin-treated anorectic mice. Ninjin-yoeito's signaling through ghrelin-responsive and ghrelin-unresponsive NPY pathways may provide strong mechanistic basis for this medicine for treating anorectic conditions associated with cancer, depression, heart failure, sarcopenia, frailty and aging.